The Biotic Ligand Model (BLM) is an important tool in predicting acute toxicity of metal to aquatic organisms. This study used the BLM to predict acute toxicity (LC 50 , the lethal concentration for 50% of test organisms) of Cu and Zn to Daphnia magna, and to predict water quality criteria (WQC) for different types of water (river water, treated and untreated sewage, and rainwater) into Taihu Lake, an important drinking water source for millions of population. Their effects of metal toxicity on Taihu Lake were also explored. The results showed that Taihu Lake water had a relatively higher LC 50 (Cu) value (1.38 ± 0.60 mg/L) than other types of water except for untreated sewage (2.25 ± 2.13 mg/L). Of these types of water, predicted LC 50 value of Cu followed the order of untreated sewage > rainwater > Taihu Lake > river water > sewage effluent. In addition, acute toxicity of Zn followed the order of river water > rainwater > Taihu Lake > sewage effluent > untreated sewage. Comparison of the predicted WQC values with the Chinese National Water Quality Standard of Surface waters indicated that the existing standard for copper might over-protect the aquatic organisms in Taihu Lake. The correlation analysis showed that increased DOC (dissolved organic carbon) concentration resulted in a higher LC 50 value due to complexation between metal and organic matters, which reduced Cu toxicity. A significant positive relationship existed between cation concentration and predicted LC 50 value, also indicating that cation concentration may reduce metaltoxicity. The work provided basic data for the study of water effect ratio (WER) and for the establishment of China's own water quality critieria based on Chinese water environmental conditions.
Predict Metal Toxicity and Water Quality Criteria of Different Types of Water Into Taihu Lake, China Using Biotic Ligand Model Yuan Zhang 1 the aquatic organisms, the U.S. Environmental Protection Agency (EPA) has recommended use of BLM in establishment of water quality criteria (WQC) for Cu (USEPA, 2007) . And it is also recommended to revise water quality standard both in developed and developing countries (Feng, 2012a) .
Since 2000, many countries (e.g., Australia, New Zealand, and the Netherlands) and Organizations (e.g., the European Union (EU) and World Health Organization) have also published or revised water quality criteria (Feng, 2012b) . In recent years, Canada and the United States had taken step to apply this scientific tool into water quality criteria. Compared with developed countries, China began to establish its own WQC system only recently (Wu, 2010) . Although Chinese government and scholars have realized the limitation of existing WQC that only based on total dissolved metal concentrations in the waters, the implementation of BLM in the establishment of WQC system in China still has a long way to go (Chen, 2011; Wu, 2011) .
The lake of Taihu, located in the Yangtze River Delta, is a hypereutrophic lake (Zhang, Hu, & Yu, 2012) . It is the third largest freshwater lake in China, with the lake area of 2250 km 2 . Taihu Lake is shallow, with an average water depth of only 2 m. It is important for a variety of purposes including drinking, fishing, recreation, agriculture, and industry for many local cities such as Wuxi and Suzhou (Yu, 2012) . With the local socioeconomic development, the lake water is intensively affected by discharges of industrial and agricultural effluents, together with other artificial activities (Yu, 2012; Cui, Yan, & Cheng, 2010) .
The aim of this project is to describe the application of BLM for predicting the effects of different types of water on acute toxicity of metal and to explain how the discharges affect the water quality of Taihu Lake. Additionally, the study provides the basic data for the determination of WER and offers the basic date for the establishment of water quality criteria under the Chinese conditions.
Materials and Methods

Sampling
In the early November of 2012, fifteen sites were sampled in Taihu Lake and ambient water including sewage water (sewage effluent and untreated sewage), river water, rainwater and Taihu Lake water (Figure 1 ). Of the 15 sites, five sites (T1-T5) were located in different representative parts of the Westlake or Eastlake and two sites (R1-R2) were located in the Caoqiao River (the largest tributary of Taihu Lake). To explore the impact of water inputs on water quality of the lake, we sampled six sites in six sewage treatment plants (STP) around the Taihu Lake. We also collected rainwater that has direct effect on the lake. The point source discharge (W7) was untreated sewage directly discharged into the lake. At each site, we collected two parallel water samples at 1-1.5 m depth with depth-hydrophore. All water column samples for measurement of metal were stored in pre-cleaned polythene bottles with a drop of 1 mol HCl, and then transported at 4 °C for analysis in the laboratory. Water samples for TOC measurement were preserved in a refrigerator at 0 -4 °C and taken back to the lab for analysis with 1-2 days.
Sample Treatment and Measurement
The collected water samples included Taihu Lake water, river water, and rainwater, treated and untreated sewage. Water quality parameters of above water samples such as pH, water temperature, dissolved oxygen (DO), turbidity and conductivity were measured twice in situ with YSI multi-functional water quality parameter instrument. The instrument was calibrated against standard solution before use. In the laboratory, samples were filtered through 0.45µm filter membrane, and then analyzed with inductively coupled plasma-mass spectrometry (ICP-MS; Agilent 7500) with the detection limit of ≤ 0.05 µg/L for total concentration of Cu, Zn, Ca 2+ , Mg 2+ , Na + and K + . Anions in solution (Cl -, SO 4 2-) and hardness were measured using the National Standard Method in China (GB11896-89, HJ/T342-2007, GB7477-87). Alkalinity was measured using the method of "Determination methods for examination of water and wastewater" (State Environmental Protection Administration (Fourth Edition, 2002) , China). The dissolved organic carbon (DOC) of the water was analyzed with TOC analyzer (Shimadzu-V CPH ) after infiltration with o.45µm membrane. All samples were tested twice, so each water column sample had four measured values for each parameter, based on whcih calculations and statistical analysis were conducted. The results (mean ± standard deviation) were shown in Table 1 .
Data Treatment and Statistics
Daphnia Magna was chosen as the predicted species because of its sensitivity to metals and it is an aboriginal species in Taihu Lake. BLM (Ver 2.2.3; http://www.hydroqual.com/blm) was used for predicting acute toxicity of copper and zinc to Daphnia magna. Measured water chemistry values were used as model inputs. Sulfide concentrations were below detection limit, so the default value of the model was input (Paquin, Santore, & Mathew, 2007) .
Correlation analysis was conducted to determine the relationship between any two variables. Data calculation and statistics were performed with SPSS 16.0 (USA) software and Sigma Plot 10.0. Spatial distribution figure of sampling sites was performed with Golden Software Surfer 8.0. Figure 1 . Sampling sites in the current study (Triangles sites, dots important cities near the lake; W1-W6 sites, six sewage treatment plants; W7 site, untreated sewage sampling point; W8 site, rainwater sampling point)
Results and Discussion
Characterization of Waters Into Taihu Lake
A summary of the analytical and statistical data for five types of water were presented in Table 1 . The five types of water exhibited alkaline pH value in the range of 7.30 to 8.60 with an overall mean of 8.00. The high mean value of pH (8.56) was found in Taihu Lake water. The DOC concentration of five types of water ranged from 14.97 to 154.25 mg/L with a mean of 35.33 mg/L. The large variation of DOC concentration may be mainly attributed to artificial and industrial contamination prevailing in this area. The high mean value of DOC concentration (62.29 mg/L) was found in the untreated sewage, which collected from sewage treatment plants (STP) near Taihu Lake. Research indicated that urban wastewater was mainly from kitchen wastewater, flushing and washing wastewater (Hu & Lian, 2012) , containing high soluble nutrients and organic matters (OMs). We measured DOC to characterize OMs in the laboratory. The mean DOC concentration followed the order of untreated sewage > rainwater > Taihu Lake > river water > sewage effluent.
In this study, rainwater had the lowest mean value of cation concentration and anion concentration, and Taihu Lake followed by. Calcium concentration (43.37 ± 24.22 mg/L) and sodium concentration (122.32 ± 96.87 mg/L) of untreated sewage were higher than other four types of water. Sewage effluent had higher anion concentration, magnesium concentration (7.86 ± 1.85 mg/L) and potassium concentration (9.64 ± 0.84 mg/L) than untreated seage and other types of water. The mean value of alkalinity and hardness were in the order of untreated sewage > sewage effluent > river > Taihu Lake > rainwater. The values for most of the parameters in the rainwater were found to be much lower than the other types of water, which indicated that rainwater had less impacts compared with other types of water. High levels of TN and TP were generally found in untreated sewage (22.95 to 35.66 mg/L; 0.89 to 2.49 mg/L). After untreated sewage discharged into Taihu Lake, the high level of TN and TP contributed to high eutrophication level in Taihu Lake and impaired Taihu Lake ecological function. ANOVA also revealed significant spatial differences for alkalinity, hardness, sodium, total nitrogen (TN), total phosphorus Vol. 4, No. 1; 2014 (TP), pH and potassium (p < 0.05) but no significant differences for temperature. According to this work, Taihu Lake had lower water quality than the other three types of water with the exception of rainwater. 
Predicted Acute Toxicity of Metals
In this study, heavy metals Cu and Zn concentration in five types of water were in the range of 0.05 to 8.40, 1.39 to 200.5 µg/L with an overall mean of 1.91 µg/L and 32.15 µg/L, respectively. Comparison with GB3838-2002 in China showed that concentration of copper was lower than the concentration standard, but the concentration of zinc was higher than the value of standard. The high mean value of Zn (179.70 µg/L) was found at W8 (rainwater site) which had the lowest mean value of copper, because the specific climate conditions around Taihu Lake and the particulate matter in the atmospheric air. In addition, an insignificant relationship existed between metal concentration and predicted LC 50 value (Figure 2 ). It was consistent with the research of Paquin (Paquin, Santore, & Mathew, 2007 Figure  2) . The difference in the relative toxicity of zinc and copper was consistent with the finding in the study that gill binding constant for dissolved Zn was lower than that of dissolved Cu (Santore, 2001b) . It was also consistent with the results of Galvez (1998) who had also measured a gill binding constant for zinc which was lower than the binding constants for copper as well (Yen, 2013) .
Predicted Water Quality Criteria
The data in Table 1 were also used to determine the site-specific water quality criteria (WQC) for Cu in effluent-impacted Taihu Lake and ambient water. Predicted WQC value and the international WQC were showed in Figure 3 . Comparison between predicted WQC and WQC published by the USEPA or calculated by Australia showed that the WQC values derived in the current study were noticeably different, one order of magnitude more than the WQC published by the USEPA or calculated by Australia. The difference between predicted WQC in the present study and those published by USEPA or calculated by Australia, probably because of two factors. Firstly, they have different organism species. Comparison between Taihu Lake and the Great Lakes in the United States indicated that Taihu Lake featured different geographical conditions and had different aquatic organisms (Wu, 2012) . Secondly, different methods could lead to these differences. Additionally, WQC is affected by various environment factors, such as temperature, water hardness, dissolved oxygen, and organic matters etc. We also compared the predicted WQC values determined in the current study with the regulatory values defined in the National Water Quality Standard of Surface waters (GB 3838-2002 in China) indicated that the current standards for copper provided over-protection to aquatic life. In this study, the metal concentrations (Zn: 9.88 ± 5.23 µg/L, Cu: 2.08 ± 2.03 µg/L) of Taihu Lake were far less than the predicted WQC values (CMC: 430.25 ± 207.12 µg/L, CCC: 267.24 ± 128.65 µg/L), suggesting that Taihu Lake can protect the aquatic organisms. China attempts to develop water quality standard system, but has not comprehensive research on WQC systems so far. There is an urgent need to develop WQC system suitable for the regional of China by learning from proven international practices. ＊ Correlation is significant at the 0.05 level (1-tailed).
Effect of Water Parameters on Acute Metal Toxicity
＊＊
Correlation is significant at the 0.01 level (1-tailed).
Correlation analysis (Table 2) showed that significant relationship existed among predicted Zn LC 50 and chemical parameters except for pH, indicating that almost all parameters had significant effects on Zn acute toxicity. But a significant effect of pH on Cu acute toxicity was also found. The effects of these water chemistry characteristics on metal acute toxicity were consistent with those found in previous researches (Santore, 2001b; Ryan, Tomasso, & Klaine, 2009; Kozlova, Wood, & McGeer, 2009 ). These studies indicated that the competition with cation (Ca 2+ , Mg 2+ , K + and Na + ) could decrease the dissolved metal toxicity and the anions (Cl -, SO 4 2-) could bind with the dissolved metal decrease the acute toxicity. Compared with the study of typical Chinese river (Wang, 2012) , the chemistry parameters of Taihu Lake were significantly higher than typical rivers, especially DOC, alkalinity. These parameters seriously affect the metal acute toxicity. Thus, the predicted LC 50 (1.38±0.59 mg/L) value was higher than the Yellow River (0.42 mg/L) (Wang, 2012) . Then the current study was suggestive of the importance of water chemistry on the bioavailability of metal in Taihu Lake, but a more systematic test for the effects of various water-chemistry characteristics on metal toxicity in freshwaters was necessary.
Effect of DOC on Acute Metal Toxicity
Correlation analysis showed that significant relationship existed between predicted LC 50 value and DOC concentration, indicating that DOC concentration had highly significant effects on acute toxicity of metal. Meanwhile, a significant relationship existed among CMC, CCC and LC 50 , DOC concentration (Table 2) . A notable trend predicted LC 50 value increased with the increase of DOC concentration. The magnitude sequence of zinc acute toxicity to Daphnia magna in different water was sewage effluent > river water > Taihu Lake > rainwater > untreated sewage ( Figure 4A ). This finding was in agreement with that for Lake Superior water (Erickson, Benoit, & Mattson, 1987) . In this study, untreated sewage, which had the highest DOC concentration that had the highest LC 50 values for metals. The predicted LC 50 increased in response to DOC addition because more Metal-DOC complexes resulted in reducing metal activity. Research showed that Zn-DOC complexes were dependant of the active sites of the organic matter (Liu, Wang, & Tang, 1996) . DOC also could directly bind with Cu and had a direct impact on prediction of metal acute toxicity (Kozlova, Wood, & McGeer, 2009) . Study indicated that if the presence of organic matters, almost all of the dissolved metal were present in the form of stable-species organic complexes without toxicity (Liu, Wang, & Tang, 1996) . After the treatment process of plants, the sewage effluent discharged into the river and it flowed through the river into the lake. The effluent also played a material role for water quality of Taihu Lake. Studies indicated that input of pollutants from the river was a major source of pollution in Taihu Lake (Yan, 2011) . Taihu Lake sampling sites near the shore. The fishery activities and direct water (sewage effluent etc.) had significantly influences in Taihu Lake. Correlation analysis also showed that significant relationship existed between predicted LC 50 value and alkalinity, which indicated that alkalinity had an important effect on acute toxicity of metal. Untreated sewage had the highest predicted LC 50 value (Cu and Zn) which had the highest alkalinity ( Figure 5 ). Metal could bind with several inorganic ligands, notably bicarbonate, carbonate, and hydroxide, and this reduced the metal toxicity markedly. In natural waters, metal bicarbonate complexes were dominant over the inorganic metal species (Paquin, Santore, & Mathew, 2007) . For this reason, untreated sewage, with higher bicarbonate concentration, presented higher LC 50 values than other types of water. Sewage effluent had the lowest predicted LC 50 (Cu) which had relatively high alkalinity value ( Figure 5A ). This finding indicated that alkalinity was not the leading factor to acute toxicity of metal. Taihu Lake had medium value of predicted LC 50 (Cu and Zn) with medium value of alkalinity. 
Conclusions
The present work employed the BLM to predict acute toxicity of metal (Cu and Zn) to Daphnia Magna in different types of filtered water collected from Taihu Lake and predict water quality criteria (WQC) for copper of different types of water into Taihu Lake. Taihu Lake had the medium value of predicted Cu LC 50 and predicted Zn LC 50 . DOC concentration was the most significant factor for acute toxicity of metal. Comparison of predicted WQC values determined in this study with the values defined in National Water Quality Standard of Surface waters of China (GB 3838-2002) indicated that the current standards for copper provided over-protection to aquatic organisms. The study also provided the basic data for the WER research and the establishment of water quality base for China's own conditions.
